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1. 1. The object of the research
Fractures of the middle area of the face.
1. 2. Problem description
According to a number of authors, the frequency of injuries to the middle area of the face 
has been steadily increasing in recent years. This is facilitated by high urbanization of the popula-
tion, increasing technical equipment and intensification of production, increasing transport speeds, 
improving diagnostic methods [1, 2].
A B S T R A C T
The article publishes the results of treatment of 27 patients with fractures of the face middle 
area, of which 14 used standard titanium mini-plates to reposition the fragments, and 13 – in-
dividual 3D simulated titanium mini-plates/grids. Before and after treatment, its effectiveness 
was assessed by the values of the displacements of bone fragments and the index of the visu-
al-analog scale, which allows determining the functional and cosmetic effect of the surgery. It 
was found that the use of individual 3D simulated titanium mini-plates/grids allowed obtaining 
in 85 % of patients displacements not exceeding 3 mm. In 72 % of patients in whom standard 
titanium mini-plates were used, the displacement after surgery was 3.1–6 mm, which is signifi-
cantly greater than in the group with individual modeling of structures. 
On the 7th day after surgery in the first group (treatment with standard mini-plates), the in-
dex on the visual-analog scale was 11 (7; 13), which was significantly (p=0.00147) less than 
before surgery. In the second group (treatment using individual 3D simulated titanium mini-
plates/grids) the index on the visual analog scale was 4 (6; 8) points, which was significantly 
(Z=3.3; p=0.00098) less than before surgery. Comparison of the visual-analog scale of the first 
and second groups on the 7th day after surgery revealed the presence of significant (U=2.47; 
p=0.013) differences. The obtained results testify to the greater efficiency of individual 3D 
modeled titanium mini-plates/grids in comparison with standard titanium mini-plates. 
The object of the research: fractures of the middle area of the face. Comparison of the visu-
al-analog scale of the first and second groups on the 7th day after surgery revealed the presence 
of significant (U=2.47; p=0.013) differences. 
Investigated problem: the comparative evaluation of the effectiveness of the middle area of the 
face fractures treatment using individual 3D simulated titanium mini-plates/grids and standard 
titanium mini-plates.
The main scientific results: Optimizing the treatment of fractures of the face middle area will 
help to achieve good cosmetic and functional results.
The area of practical use of the research results: Department of Surgical Dentistry and Max-
illofacial Surgery.
Innovative technological product: The proposed technique using individual 3D-simulated 
titanium miniplates will help to optimize the treatment of patients with traumatic fractures of 
the face middle area.
Scope of the innovative technological product: Clinical practice.
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Currently, in maxillofacial traumatology the term “fractures of the middle zone” of the face, 
more precisely, the upper part of the facial skull is increasingly used. The face middle area is limit-
ed at the top by the upper orbital line, and below – by the line of closure of the dentition, including 
in this area the nasal bones, orbital walls, cheekbones and zygomatic arches, the upper jaw [3]. 
The bones of this zone have mainly a vertical type of structure of spongy trabeculae and the 
presence of four buttresses [3, 4].
The bones of the middle zone of the face have an arched structure; there is an alternation of 
buttresses with places of weak resistance, which include the lacrimal bone, the lattice bone plate, 
anterior, posterior and medial jaw walls, the orbit (namely, almost the walls of the maxillary sinus-
es) and the pterygoid plate. [3].
Thus, the anatomical structure, on the one hand, provides an intimate connection of the 
bones of the face middle area, on the other – is a factor determining the direction of the fracture. 
The nature of the damage, the shape and direction of the fracture are not accidental, but due to the 
mechanism of action of the impact force and depend not only on the magnitude and direction of the 
impact force, size and shape of the object, weapon, but also on properties related to bone architec-
ture and distribution of force vectors acting on impact on specific bone elements [4–6]. 
Since buttresses and so-called places of weak resistance are located in relation to each other 
in different planes, it is natural that the effective force of impact to one of them will be directed 
perpendicularly, to another – parallel, and to the third -– at an angle and, therefore, will cause quite 
diverse and numerous fractures of the middle zone of the face [4–7].
Among the pathologies that cause the development of facial defects of the facial skull, a 
significant place is occupied by fragmentary traumatic fractures, bone tumors and chronic puru-
lent-inflammatory diseases [8].
Due to the development of medical technologies and the emergence of new materials, a large 
number of surgical methods to eliminate bone defects have been developed, the vast majority of 
which involve the use of auto- and allografts [9, 10].
1. 3. Suggested solution to the problem
The main surgical methods for the treatment of the jaws fractures are bone suture, osteo-
synthesis using Kirchner needles, osteosynthesis using bone structures in the form of mini-plates 
and screws, mainly titanium [11, 12]. The most common modern method of fixation of fragments 
in fractures of the maxillofacial area is bone osteosynthesis using standard mini-plates after open 
repositioning of fragments [13–15]. This method reduces the duration of immobilization of the 
jaws, which in turn restores the function of chewing at an early stage and reduces the time of re-
habilitation of patients. The disadvantage of this method is the inability to achieve an accurate and 
complete fit of the plates in the fracture area, especially in multi-fragment injuries, which is due 
to the anatomical structure of the bones of the facial skull. Another disadvantage of this method is 
the possible trauma of the cortical layer of the fixing elements due to the uneven load distribution 
with incomplete fit of the mini-plate. The use of standard titanium mini-plates prolongs the time 
of surgery and increases intraoperative tissue trauma, and also does not always provide reliable 
immobilization of fragments due to the small number of fixation points of mini-plates [16–18].
A more advanced method of osteosynthesis surgery for the jaws fractures is the use of 
3D-simulated titanium mini-plates [19].
Also a method of treatment of mandibular fractures using CAD/CAM systems (Comput-
er-Aided Design/Computer-Aided Manufacture) based on computed tomography was developed. 
These systems allow to create a model of fracture and determine the optimal ways to eliminate 
it [20–22].
Thus, despite the large number of proposed methods of osteosynthesis, the search for the 
most effective method of prosthetics of bone defects and reliable fixation of bone fragments is 
relevant due to their clinical and anatomical diversity and the likelihood of postoperative com-
plications.
The aim of the study was to compare the results of treatment of fractures of the face middle 
area by metal osteosynthesis methods using individual 3D simulated titanium mini-plates/grids and 
standard titanium mini-plates.
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2. Materials and methods
On the basis of the Department of Surgical Dentistry and Maxillofacial Surgery of Kharkiv 
National Medical University at the Department of Head and Neck Surgery of the Municipal 
Non-Commercial Enterprise of Kharkiv Regional Council “Regional Clinical Hospital”, (Kharkiv, 
Ukraine) for the period from January 1, 2018 to December 31, 2020 twenty-seven patients with 
traumatic fractures of the bones of the face middle area received treatment. Those patients were 
performed repositioning of bone fragments with subsequent fixation using methods of bone metal 
osteosynthesis.
Informed consent to participate in the study was obtained from all patients. The methods 
used in this study were agreed and approved by the Ethics Commission Board of Kharkiv National 
Medical University No. 6 from 04.10.2017, in accordance with the Declaration of Helsinki (1975).
Examination of patients during hospitalization included: general clinical blood and urine 
tests, biochemical blood tests, electrocardiography, cone-beam computed tomography (CBCT).
A visual analog scale (VAS) was used to assess the severity of clinical manifestations of 
traumatic injuries before treatment, as well as the course and results of treatment [23]. 
An important index that determines the further tactics of treatment is the amount of dis-
placement of bone fragments. For the convenience of presenting information, a scoring scale 
was introduced, according to which: 0 points – no displace, 1 point – displace from 1 to 3 mm, 
2 points – 3.1-6 mm, 3 points – 6.1-9 mm, 4 points – 9.1–12 mm; 5 points – 12.1–15 mm; 6 points – 
more than 15 mm.
Patients were offered two methods of fracture treatment, by metal osteosynthesis – us-
ing standard titanium mini-plates and using individual 3-D simulated titanium mini-grids. After 
a thorough explanation of all the advantages and disadvantages of each method, patients chose 
the method of treatment with their voluntary consent. The first group consisted of 14 patients 
who underwent repositioning with fixation of fragments with standard titanium mini-plates. The 
second group consisted of 13 patients for whom the fixation of the repositioned bone fragments 
was performed by individual 3-D simulated titanium mini-grids. In the first group there were 
11 (79±10.9) % men and 3 (21±10.9) % women. In the second group, all patients were male. The 
mean age of patients in the first group was (31.9±6.8) years with a range of 19 to 43 years, the mean 
age of patients in the second group was (30.2±9.6) years with a range of 19 to 54 years. Thus, all 
patients were of working age. 
The results of the study were processed using the methods of descriptive statistics, non-para-
metric χ2 criteria of Pearson and Mann-Whitney. In cases of significant variance of indices, the 
medians (Me) and quartiles were calculated (25 %; 75 %).
3. Research results and their discussion 
The distribution of patients in the study groups by the term of treatment is given in Table 1.
Table 1
Distribution of patients according to the term of treatment, (%)
Group
Time to see a doctor, day
0 1–3 4–7 More than 7
1 (n=14) 5 (36±12.6) 5 (36±12.6) 2 (14±9.3) 2 (14±9.3)
2 (n=13) 1 (8.0±7.5) 1 (8.0±7.5) 2 (15±9.9) 9 (69±12.8)
According to Table 1, it can be noted that a significant (p<0.05) majority of patients of the 
first group started treatment within 1–7 days. The majority (p<0.05) of patients of the second group 
started treatment within 7 days of injury.
12 (86±9.3) % of patients of the first group had a small fragmentary fracture, 2 (14±9.3) % 
had a large fragmentary fracture. The second group also had 12 (92±7.5) % of patients with small 
fragments and 1 (8.0±7.5) % with large fragments. It can be noted that most patients of both groups 
had a small fragmentary fracture.
Table 2 shows the distribution of patients on the side of the injury localization, the analysis 
of which showed that the majority of patients of both groups (p<0.05) had a fracture on one side.
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Table 2
Distribution of patients by the location of the injury, (%)
Group From the right side From the left side From both sides
1 (n=14) 6 (43±13.2) 5 (36±12.6) 3 (21±10.9)
2 (n=13) 6 (46±13.8) 5 (38±13.5) 2(15±9.9)
According to the location of the fracture, patients of the first group were distributed as 
follows: in 1 (7.1±6.8) % of patients there was a fracture of the temporomandibular complex 
(TMC) without damage to the walls of the maxillary sinus, in 9 (64±12.8) % – combined fractures 
of the TMC with damage to the walls of the maxillary sinus, Le-Fort fractures or bilateral – in 
4 (29±12.1) % of patients. In the second group in 6 (46±13.8) % of cases there was a fracture of the 
TMC without damage to the walls of the maxillary sinus, in 5 (38±13.5) % – combined fractures of 
the TMC with damage to the walls of the maxillary sinus, in 2 (16±10.2) % of cases – Le Fort type 
fractures (bilateral). There were no significant differences between the groups in the frequency of 
occurrence of different fracture sites. 
The average bed-day in patients of the first group equaled (13.3±5.6) days with a range of 4 to 
26 days. It was (11.3±4.8) days with a range of 3 to 20 days in patients of the second group. No sig-
nificant differences in the length of stay in hospital between patients of the study groups were found. 
Prolonged stay of some patients in the hospital was due to the presence of concomitant injuries. 
An important characteristic that allows the researchers to assess the severity of the injury is 
the number of fractures in a particular patient (Table 3).
Table 3
Distribution of patients by the number of fracture sites, (%)
Group In one place In two places In three places In four places
1 (n=14) 2 (15±9.5) 0 3 (21±10.9) 9 (64±12.8)
2 (n=13) 0 1 (8.0±7.5) 3 (23±11.7) 9 (69±12.8)
According to Table 3, it can be noted that in a significant (p<0.05) majority (64–69 %) of 
patients in the study group fractures were localized in 3–4 places, namely, fractures with complete 
separation of the cheekbone – in the literature known as “tripod fracture” or “tetrapod fracture”.
Using the results of CBCT, the amount of displacement of bone fragments before treatment 
was determined. Table 4 shows the distribution of patients on the points of the interval scale for 
estimating the amount of displacement of bone fragments.
Table 4
Distribution of patients in the study group according to the points of the interval scale of displacement of bone 
fragments before treatment, (%)
Groups Displacements, points1 2 3 4 5 6
1 (n=14) 0 1 (7.0±6.8) 3 (21±10.9) 5 (36±12.6) 3 (21±10.9) 2 (15±9.5)
2 (n=13) 0 1 (8.0±7.5) 3 (23±11.7) 5 (38±13.5) 2 (16±10.2) 2 (16±10.2)
According to Table 4 it can be noted that in a significant (p<0.05) majority of patients (71–
77 %) of both groups the displacement of bone fragments corresponded to 3–6 points (9–15 mm).
Evaluation of the significance of the displacement, which can be cosmetic (causes aesthetic 
disorders), functional (causes dysfunction), and mixed (cosmetic and functional), showed that a 
purely cosmetic value of the displacement was in 2 (14±9.3) % of patients of the first group and 
in 3 (23±11.7) % of patients of the second group, mixed – in 12 (86±9.3) % of patients of the first 
group and in 10 (77±11.7) % – in the second group. It can be noted that in the vast majority of pa-
tients the shift in significance was both cosmetic and functional. 
In some patients, in addition to fractures of the face middle area other complications were 
observed: fractures of the mandible – in 1 (8.0±7.5) % of patients in the second group; fractures of 
58
No. 2 (73), 2021ScienceRise  ISSN 2313-8416
the nasal bones – in 5 (36±12.8) % of patients of the first group and 5 (38±13.5) % of patients of the 
second group; combined fractures of the mandible and nasal bones – in 2 (16±10.2) % of patients 
of the first group. 
Paresthesia in the occipital region was observed in all patients of both groups. Hemosinus 
on 1/3 of the sinus was observed in 1 (7.0±6.8) % of the patient of the first group and 4 (31±12.8) % 
of the second; 2/3 of the sinuses – in 3 (21±10.9) % of patients of the first group and 2 (16±10.2) % – 
of the second; total – in 9 (64±12.8) % of patients of the first group in 5 (38±13.5) % – the second. 
Thus, in a significant (p<0.05) majority of patients in both groups there was hemosinus of varying 
degrees. 
After treatment, its effectiveness was evaluated, which was determined by anatomical and 
functional-cosmetic effectiveness. Anatomical efficiency was evaluated by the value of the remain-
ing displacement of the fragments, functional and cosmetic – by the values of the VAS index.
Table 5 shows the distribution of patients according to the scores of the fragments displace-
ment that remained after surgery.
Table 5 
Distribution of patients in the study group on the points of the interval scale of the bone fragments displacement 
after treatment, (%)
Groups Displacement, points0 1 2 3 4
1 (n=14) 0 1 (7.0±6.8) 10 (72±12) 3 (21±10.9) 0
2 (n=13) 2 (15±9.9) 9 (69±12.8)* 2 (15±9.9)* 0 0
Note: * – differences in the frequency of occurrence of the corresponding offset between the studied groups are signif-
icant (p<0.05)
According to Table 5 it can be noted that 85 % of patients in the second group after surgery 
had no displacement, or it was 1–3 mm. In 72 % of patients in the first group, the displacement 
was 3.1–6 mm, namely, it was greater than in the second group in a significant (p<0.05) majority 
of patients.
Before treatment, the VAS score for the patients in the first group was 16 (13; 21), in the 
second – 14 (12; 19). There were no significant differences between the VAS groups before treat-
ment. Also, the VAS evaluation was performed on the 7th day after surgery. In the first group, the 
VAS index equaled 11 (7; 13), which was significantly (p=0.00147) less than before surgery. In the 
second group, the VAS index was 4 (6; 8) points, which was significantly (p=0.00098) less than 
before surgery. Comparison of VAS indices of the first and second groups on the 7th day after 
surgery revealed the presence of significant (p=0.013) differences. VAS in the second group was 
significantly less than in the first group, which indicated the greater efficiency of individual 3D 
simulated titanium mini-plates/grids compared to standard titanium mini-plates. 
To illustrate the results of using the two described methods of treatment, clinical examples 
are given.
Patient V., 43 years old, turned to the Department of Head and Neck Surgery of the Mu-
nicipal Non-Commercial Enterprise of Kharkiv Regional Council “Regional Clinical Hospital” 
with complaints of pain in the projection of the upper jaw, occlusion disorders, facial configuration 
disorders, nosebleeds after injury, numbness in the left and right maxillary areas, deterioration of 
the general condition. According to the patient, he was injured as a result of beating by an unknown 
person (domestic injury). After the injury, he appealed for medical help from the Head and Neck 
Surgery Department within 6 hours.
During the examination the patient underwent CBCT (Fig. 1, a, b), the results of which 
were diagnosed as: “Traumatic fracture of the upper jaw type Le-Fort I. Traumatic fracture of the 
right zygomatico-orbital without significant displacement of fragments. Traumatic fracture of the 
left zygomatico-orbital with displacement of fragments. Bilateral hemosinus”.
According to the CBCT, the displacement of the fragments was up to 6.54 mm. The patient 
was diagnosed with a small fracture of the wall of the left maxillary sinus. The patient underwent 
left maxillary sinusectomy with repositioning of fragments of the left zygomatico-orbital complex 
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with metal osteosynthesis. The surgery was performed under general anesthesia (mechanical ven-
tilation with intubation through the mouth) according to standard methods with intraoral access. 
Fixation of bone fragments, after their repositioning, was performed using a standard titanium 
mini-plate with microscrews. In the postoperative period, the patient underwent a control CBCT, 
which showed the presence of displacement of fragments up to 4 mm (Fig. 2, a, b), left subtotal he-
mosinus (Fig. 2, b), as well as postoperative bone defect of the anterior wall of the maxillary sinus. 
In the postoperative period, the patient complained of nasal breathing disorders, moderate pain and 
swelling on the operated side. 
              a
              b
Fig. 1. CBCT of patient B. before surgery: a – 3D reconstruction; b – sagittal projection
The postoperative period passed without complications. Sutures were removed on the 
10th day after surgery.
Thus, with the help of a standard titanium mini-plate it was not possible to achieve complete 
restoration of the anatomical shape and integrity of the bones, completely eliminate the displace-
ment of fragments and restore the integrity of the anterior wall of maxillary sinus and eliminate 
post-traumatic bone defect.
Patient P., 23 years old, went to the department with complaints of facial configuration dis-
location on the left side, pain in the middle third of the face on the left side, numbness in the left 
occipital, buccal areas, the presence of “steps” on the lower eye edge to the left side, nosebleeds 
after injury on the side of the injury, deterioration of the general condition. According to the pa-
tient, he was injured as a result of falling from a height of his own height. After the injury, during 
the day he appealed for medical help at the Department of Head and Neck Surgery of the Municipal 
Non-Commercial Enterprise of Kharkiv Regional Council “Regional Clinical Hospital”.
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              a
              b
Fig. 2. Control CBCT of patient B. after surgery: a – 3D reconstruction; b – sagittal projection
During the examination, the patient underwent CBCT, the results of which were di-
agnosed as: “Traumatic fracture of the cheekbone on the left side with displacement of frag-
ments” (Fig. 3, a, b).
The displacement of the fragments according to CT was up to 6.64 mm. The patient had 
a small fragmentary fracture of the anterior wall of the left maxillary sinus with the transition 
to the lower edge of the left orbit.
The patient underwent repositioning of fragments of the left zygomatico-orbital com-
plex with metal osteosynthesis using an individual 3D-simulated titanium mini-grid.
According to the CBCT, taking into account the location of fractures and their charac-
teristics, 3D-models of the jaw injured area were created, after which a “virtual reposition” 
and comparison of fragments in the fracture area was performed (Fig. 4, a).
Based on the created virtual model, taking into account traumatic changes and anatom-
ical contours of bones, modeling of individual 3D-mini-grids and endoprostheses (Fig. 4, b) 
was carried out using computer-aided design systems (CAD/CAM-systems) [24]. The final 
stage was the printing of individual 3D mini-grids and endoprostheses on a 3D printer SLM 
280 HL (SLM Solutions GmbH) according to the method of SLM (Selective Laser Melting) 
from titanium powder (Fig. 4, c). 
The surgery was performed on a patient under general anesthesia (mechanical venti-
lation with intubation through the mouth) according to standard methods with intraoral ac-
cess. Fixation of bone fragments was performed using an individual 3D-simulated titanium 
mini-grid (Fig. 5), which eliminated the bone defect of the anterior wall of the left maxillary 
sinus.
61
Innovative technologies in healthcare
              a
              a
Fig. 3. CBCT of the patient P. before surgery: a – 3D reconstruction; b – axial projection
              a
        
    b         c
Fig. 4. Printing of individual 3D mini-grid: a – virtual reposition of fragments in the fracture 
zone; b – the stage of modeling an individual 3D mini-grid; c –individually made 3D-mini-grid
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The surgery was performed on a patient under general anesthesia (mechanical ventilation 
with intubation through the mouth) according to standard methods with intraoral access. Fixation 
of bone fragments was performed using an individual 3D-simulated titanium mini-grid (Fig. 5), 
which eliminated the bone defect of the anterior wall of the left maxillary sinus.
Fig. 5. Fixation of a 3D-simulated individual mini-grid in patient P.
In the postoperative period, the patient underwent a control CBCT, which showed complete 
elimination of the displacement of the fragments (Fig. 6). Hemosinus was absent. Post-traumatic 
and postoperative defects of the anterior wall of the left maxillary cavity were eliminated with the 
help of an individual 3D-simulated titanium mini-grid.
Fig. 6. Control CBCT of the patient P. after operation: sagittal, transverse, axial projections and 
3D-reconstruction
In the postoperative period the patient complained of slight pain and swelling on the oper-
ated side. Postoperative supervision of the patient for two years did not reveal any complications, 
including pathological changes in the maxillary sinus.
4. Discussion of research results
Zygomatico-orbital and zygomatic-orbito-maxillary complex play an important role in the 
formation of the aesthetic zone of the face, its functioning and protection [25].
Fractures of the cheekbone and fractures of the middle face are often observed in clinical 
practice. Typical clinical signs of these fractures are diplopia, flattening of the face, a symptom of 
“steps” in the area of the infraorbital rim, impaired occlusion and sensitivity due to injury of the 
hyoid nerve [26].
The purpose of surgical treatment of fractures of the cheekbone and middle area of the 
face is to achieve the correct anatomical position of displaced fragments, reduction and closure of 
bone defects caused by lost or displaced bones, which prevents postoperative complications. Such 
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injuries are usually treated by closed repositioning of the fracture without fixation or by open repo-
sitioning and internal fixation using titanium mini-plates and grids [27].
Sensitivity disorders are one of the most common postoperative complications in the treat-
ment of fractures. Its recovery after fractures of the face middle area is influenced by many factors, 
including the method of treatment. Fractures that have been repositioned or fixed inadequately (re-
maining displacement) can cause compression of the hyoid nerve, leading to persistent impairment 
of sensitivity [28].
Another possible cause of paresthesia is the formation of scar tissue, which occurs in the 
presence of bone fissures (defects), occurring due to small fractures of the anterior wall of the max-
illary sinus. Scar tissue can form at intervals and cause compression of the occipital nerve, which 
can lead to impaired sensitivity or mucocele formation [29].
Thus, an important aspect of surgical treatment is the maximum possible closure of bone 
defects, which prevents postoperative complications after fractures of the middle face [30].
Our research was aimed at comparing the efficiency of using individual 3D simulated ti-
tanium mini-plates/grids and standard titanium mini-plates. Before and after treatment, the effec-
tiveness of treatment was evaluated by the values of the displacement of bone fragments and the 
VAS index, which allowed determining the functional and cosmetic effect of the operation. It was 
determined that the use of individual 3D simulated titanium mini-plates/grids allowed to obtaining 
displacements in 85 % of patients not exceeding 3 mm. In 72 % of patients in whom standard tita-
nium mini-plates were used, the displacement after surgery was 3.1–6 mm, which was significantly 
greater than in the group with individual modeling of structures. 
The VAS indices of patients before treatment in the studied groups did not differ significant-
ly. On the 7th day after surgery in the first group (treatment using standard mini-plates) the VAS 
index equaled 11 (7; 13), which was significantly (p=0.00147) less than before surgery. In the sec-
ond group (treatment using individual 3D simulated titanium mini-plates/grids), the VAS index was 
4 (6; 8), which was significantly (p=0.00098) less than before surgery. Comparison of VAS indices 
of the first and the second groups on the 7th day after surgery revealed the presence of significant 
(p=0.013) differences. VAS in the second group was significantly less than in the first group, which 
indicated the greater efficiency of individual 3D simulated titanium mini-plates/grids compared to 
standard titanium mini-plates.
Study limitations. This study has potential limitations: not all patients can receive individ-
ualized treatment due to the lack of appropriate material and technical base, modern calculation 
technologies (CAD/CAM-systems), the possibility of manufacturing individual 3D-simulated tita-
nium mini-plates in many hospitals and in due to their high cost of manufacture.
The prospects of further research are developing a decision support system for physicians 
to choose the optimal method of treatment of the middle face fractures. 
5. Conclusions
1. According to the examination of patients before surgery, it was found that the study groups 
did not differ significantly in terms of treatment, localization of fractures, their number, the amount 
of displacement of fragments and the VAS index, which allowed comparing treatment results. 
2. After surgical treatment using 3D-simulated titanium mini-plates/grids, 85 % of patients 
in the second group after surgery had no displacement, or it was 1–3 mm. In 72 % of patients in the 
first group, the displacement was 3.1–6 mm, so it was greater than in the second group in a signif-
icant (p<0.05) majority of patients.
3. Before treatment, the score for VAS in the first group of patients equaled 16 (13; 21), in 
the second – 14 (12; 19). There were no significant differences between the VAS groups before 
treatment.
4. On the 7th day after surgery first group, the score for VAS was 11 (7; 13), which was 
significantly (p=0.00147) less than before surgery. In the second group, the VAS index equaled 4 
(6; 8) points, which was significantly (p=0.00098) less than before surgery. Comparison of VAS 
indexes of the first and second groups on the 7th day after surgery revealed the presence of signif-
icant (p=0.013) differences. VAS index in the second group was significantly less than in the first 
group, which indicated the greater efficiency of individual 3D simulated titanium mini-plates/grids 
compared to standard titanium mini-plates.
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